Abstract -Beam trawl, camera sled and submersible data from 2 000-3 300 m off central California produced similar fish fauna1 composition, but different density estimates. All species caught in trawls were observed in camera-sled and submersible observations. However, some rare species that were observed were not caught in trawls. The fish fauna was dominated by the families Macrouridae, Zoarcidae, Moridae, and Rajidae. Fishes lboth trawled and observed were the macrourids Coryphaenoides armatus, C. filtyer and C. leptolepis; the zoarcids Bothrocara spp.: Pachycara lepinium and Lycenchelys spp.; the morid Antimora microlepis; the rajid Bathyraja trachura, the ophidiid Spectrunculus grandis, and the liparidid Careproctus ovigerum. One unidentified liparidid (Paraliparis sp.) and two unidentified Lycenchelys spp. were trawled and may have been seen but also could not be identified to species from photographs. Observed only in photographs were the liparidids Paraliparis rosaceus and Careproctus melanurus, synodontid Bathysaurus mollis, and notocanthid Notacanth,us chemnitzii. These three techniques differed in their ability to provide specimens for accurate identification, counts, and later life history (feeding habit, age and growth, and reproduction) studies, and to provide information on dispersion, habitat utilization, behavior and interactions. Accurate density estimates were undoubtedly hampered by trawl and camera sled avoidance, escape, and uncertainties concerning the area trawled. Camera sleds produced higher (and perhaps better) estimates of density. Submersible observations from the DSV Alvin produced a similar species list but little additional, quantitative information. Both visual techniques allowed lhabitat characterization, but no strong fauna1 associations with habitat types were observed. 
Because deep-sea habitats are remote and usually occur considerable distances offshore, sampling deep-sea benthic fishes is a very difficult, time-consuming, and therefore expensive, task. Such surveys require large ships, with huge amounts of cable, a strong winch and A-frame, and specialized sampling gear, including trawls and camera sleds. The time required to deploy and retrieve this gear to such great depths is lengthy. Slow tows are necessary so the gear remains on the bottom and samples the organisms adequately. For trawls, accurate density estimates rely on knowing the actual time the gear was sampling the bottom. In addition, problems of avoidance, escape, and gear fouling can affect trawiing efficiency, while trauma to fish from pressure and temperature changes during retrieval to the surface can influence specimen condition and therefore taxonomic identification. Camera sleds provide detailed observations of both the fishes and their habitat, but no physical samples can be taken. However, complete taxonomic identification from photographs or videos can be difficult or impossible. Submersibles provide the same opportunities as the camera sled, but can also provide sample collection and better selection of transects. It is therefore valuable to use more than one technique concurrently, such as cameras mounted on trawls [64, 711.
Despite these sampling difficulties, patterns in distribution and abundance of deep-demersal fishes have been characterized [32, 521 . Some authors have used baited traps [37] , while others have taken a series of remote deep-sea trawl samples and attempted to characterize the fauna from them [5, 12, 22, 41, 49 , 5 1, 58, 681. Others have taken a more direct approach of sampling by observing the fauna using submersibles, underwater camera systems, or remotely operated vehicles (ROVs) in an area to characterize the fauna [14, 17, 20. 34, 45, 64, 651 and sometimes to predict the influence of certain perturbances, such as waste dumping [15, 19, 28, 381 . However, few have directly compared two or more very different techniques in the same place and time 164, 70, 731.
Even if adequate fauna1 samples can be taken in deep-sea habitats, the ability to characterize the physical nature of these habitats differs among techniques. For example, trawling simply produces specimens of organisms, occasionally bringing a piece of the associated habitat to the surface. Techniques such as camera sleds and submersibles provide visual images and direct observations, in addition to actual sampling, of the habitats in which different species live.
It is thus important to develop efficient tools to sample and study both the deep-sea fish fauna and their associated abiotic and biotic habitats. In this study we used a dedicated beam trawl and camera sled survey, along with additional beam trawl samples and submersible observations in different locations and seasons at the same depths, to comparatively characterize the fish fauna at three different deep-sea sites. The ability to do deep surveys off the coast of central California is enhanced by the close proximity of deep-sea habitats to the shore, both in the form of submarine canyons and a narrow continental shelf [30: 311.
METHODS
Our main objective was to characterize the benthic fishes and macroinvertebrates [55, 561 occurring at the U.S. Navy Ocean Disposal Site (NODS) west of the Farallon Islands and 39 miles (65.8 km) west of the Golden Gate Bridge (&UP-~ I: Farallon Site), in depths ranging from approximately 2 000 to 3 300 m. During this survey, we used four techniques (trap, otter and beam trawl, and camera sleds) to sample demersal fishes at the study site. 
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For comparative purposes, we sampled two other sites using similar techniques at a different time of year. This report thus results from a combination of data from several cruises, all intended to sample the deep-sea fish fauna and habitats off central California ([13] for cruise and sample details). It must be noted that such an opportunistic approach with relatively small'sample sizes is often required to study the deep sea due to high costs and harsh oceanographic conditions.
An initial survey was attempted with strings of traps (black cod, shrimp and hagfish) set in May, 199 1. Due to inclement weather and sea state conditions, only one set was retrieved three months later. All 12 fish captured by the few traps recovered were the zoarcid, Pachycara lepinium, and the results of this survey will not be discussed further.
Beam and otter trawl samples, and camera sled photographs were taken during July 1991 with the R.V. Wecoma. The frame of the beam trawl had a mouth width of 2.1 m, height of 0.8 m and a bag length of 6.7 m, constructed of 3.8 cm stretch mesh seine twine treated with a black net preservative, and fished with a 12.5 m bridle attached to a single warp. The otter trawl was a semi-balloon net with a 12.5 m headrope, a 15.2 m footrope, constructed of 3.8 cm stretch mesh in the wings, body and codend, and 1.3 cm stretch mesh codend liner, and fished with a 12.5 m bridle, weighted aluminum doors and attached to a single warp. A total of 16 trawls was taken over the four day sampling period, of which 12 were beam and 4 otter trawls. All 12 beam trawls were successful at making contact with the bottom and came up containing organisms. One successful beam trawl sample had to be jettisoned with the net because it included a radioactive object. Two of the otter trawls successfully returned samples; the other two were badly twisted.
The beam trawl deployment technique was the same for a11 tows. A deep-water glass float was attached to the towing cable about 5-7 m ahead of the beam, with another float attached 20 m ahead of the first. A BenthosB pinger was attached to the cable 70 m ahead of the beam to monitor bottom contact and an on-board Precision Depth Recorder (PDR) trace was used to record the depth that the trawl sampled. When the pinger trace on the PDR was within 25 m of the bottom, the winch was stopped and the beam trawl was assumed to be on the bottom. The trawls were kept on the bottom for 30 to 50 min. Any change in depth during the course of the trawl was compensated for by hauling in or letting out more cable to keep the pinger and bottom traces on the PDR at a 25 m interval, and therefore maintain the net on the bottom. The ratio of warp (length of cable out) to depth for all beam trawls was between 1.4 and 1 S. From this ratio, it was possible to caiculate an estimate of the distance of the trawl behind the vessel. The position of the net on the bottom, depth, amount of line out, and tension on the cable were recorded for each trawl. A!1 positions were based on the ship's GPS system.
Fish densities were calculated only for beam trawls because there were few otter trawls taken and they seemed to fish unreliably. The area covered by a beam trawl was calculated using the ship's distance covered during bottom contact multiplied by the 2.1 m trawl opening. All densities were calculated as number of fish per hectare (10 000 m2).
All fish specimens collected were immediately rough sorted into taxa, usually to family or genus. Color photographs were taken of representatives of all taxa. Specimens were either frozen or preserved in 10 % buffered formalin and placed into labeled containers. When further studied at the shore laboratory, they were either changed into isopropyl alcohol or defrosted, then preserved in 10 % formalin, followed by 50 % isopropyl alcohol.
All specimens collected in trawls and observed in camera sled photographs were identified using either genera! fish guides [25-27, 33, 53 , 541 or specialized references [2-4. 6, S-10, 18, 39,46, 59-61, 66. 67, 771. All unidentifiable specimens were sent to taxonomic specialists. Although the trawls targeted bottom fishes, several mesopelagic fishes were incidentally taken and these were not included in the analysis.
The camera sled operation was performed by Dr. Barbara Hecker and basic techniques have been described in Hecker [34, 351 . In all, four camera sled transects were taken, one of which got fouled on rocks and therefore was excluded because it did not cover sufficient bottom area. For comparability, it was important to use the most accurate method of estimating surface area sampled. Techniques outlined in Wakefield and Genin [72] were used to estimate the surface area observed by the camera sled for benthic fishes.
We assumed that there were two types of fishes, those which were smaller and more benthic (eelpouts: Zoarcidae) and those which were larger and more benthopelagic (rattails: Macrouridae). The Wakefield and Genin 1721 technique picks only those portions of the film (i.e. camera view) in which each of these two size classes of fishes have a high probability of being seen and identified well. It produces a more conservative, and perhaps for fishes a more accurate, estimate of density.
This analysis basically involved defining taxon-specific lateral and horizontal limits of visibility, based upon the physical set-up of the sled, camera and bottom being surveyed [72] . Based upon an analysis of the films, the probability of detection versus longitudinal distance was plotted for macrourid figure 2a) and zoarcid ('$guve 2b) morphotypes. The Iperpendicular and longitudinal detection functions were then combined to derive the taxonspecific quadrat sizes.
Deep-sea benthic habitats were characterized by their visual appearance in camera sled photos but could not be assessed from beam trawl samples. The visual appearance of the bottom was subjectively categorized by surface features (mounds, pits, rocks, debris), surface texture or appearance (smooth, lumpy, flocky, etc.), and the presence of invertebrates.
The following approaches were used to compare sampling devices and to determine 'unit samples'. In the main technique; we defined a unit (beam) trawl sample as the mean trawl length (50 min) and then took the three camera sled films and divided them arbitrarily into 50 min sections, eliminating any portions which were obviously not focused on the bottom. We also paired 'equivalent' or 'comparable' sections of camera sled tows with lengths, depths, and locations of trawls. To determine how many samples would be necessary to characterize the fish fauna at these depths, we plotted species curves versus the number of samples taken. For beam trawls, we randomly ordered and plotted this relationship four times, and noted that the curve leveled off at around 10 tows [13] . Otter trawls were only used for the summary of all fishes (caught. For the camera sled sections, we plotted the three sleds in consecutive order, noting which new species were observed. Again, the curve leveled at around ten 50-minute sections, with each of the slight increases due to rare sightings [13] .
Mean densities from both beam trawls and camera sleds, along with their standard deviations and standard errors, were calculated by dividing the number of individuals of each taxon by the area surveyed. These were then plotted as histograms (see figures 3 and 4). To provide a general assessment of the beam trawl and camera sled as a deepsea sampler, we plotted mean overall fish densities and number of species (both per hectare) and visually compared them, along with their standard deviations. The species composition and relative densities were quantitatively compared between combined beam trawl and camera sled section samples, and between pair-by-pair comparable trawls and sled sections, by calculating Percent Similarity Indices (PSI = the sum of the minimum proportions of paired rankings), and non-parametric rank correlation coefficients (Spearman's and Kendall's tau; [43] In addition, submersible and beam trawl videos and photographs taken during cruise Number 118-42 on the R/V Atlantis II between 21-30 October, 1988 were used to compare submersible observations with those from both camera sleds and beam trawls in the Monterey area and among all three areas. We used videos and photographs produced from five dives and three camera sled tows at similar depths (1 5 15-3 650 m) in the Monterey Submarine Canyon for qualitative analysis of the fish fauna ([23, 241 for detailed descriptions of these dives and camera tows). Because of the qualitative nature of the videos and stills, we could not convert our observations into densities and report the comparative results as presence or absence of identifiable species. In only one of these dives (number 2122) was bait (albacore Thunnus alalunga) used. Combined with the submersible and camera sled observations, these samples allowed us to make at least a qualitative statement about the comparability of this site with that already studied off the Farallones.
As with camera sled photographs, subjective descriptions of the sea flolor and canyon habitats and the presence of epifaunal invertebrates and drift algae from Alvin submersible and camera sled videos and photographs were used to characterize the habitats used by the fish fauna. In addition to characterizing the visual appearance of the soft bottom and its surface texture, in this set of dives rocky outcroppings and canyon walls were commonly noted along with epifaunal invertebrates, such as crinoids, brisingids, holothuroids, cerianthid anemones, sponges, 'worm' tubes, bivalve shells, and bacterial mats. 
RESULTS
Beam trawl samples in 1991 and 1992 collected at least II species of fishes (figure 3a) and both the dominant species and species coinposition were similar between years, with the overall similarity being 54.9 % and significant according to one of the two rank correlation analyses. In 1991, beam trawls collected at Ieast 10 spe- ties, while in 1992 there were only five. The catches in both years were dominated by the macrourids Curyphaenoides armatus, C. filifer, and C. leptolepis, the zoarcids Lycenchelys spp., Pachycara lepinium, and Bothrocara spp., the morid Antimora microlepis, and the rajid Bathyraja trachura. Several rarer species were also collected.
Camera sleds photographed at least 15 species of fish @gut-e 3b), with 14 of these seen in 1991 and 10 recorded in the 1988 Monterey Site samples. The dominant fish group in these samples was the zoarcids, led by Lycenchelys spp. cfigure 5c) and Bothrocara spp., followed by the three macrourid species found in the beam trawls. Coryphaenoides acrolepis was never collected in the deeper beam trawls, but photographed primarily at the shallow end of one camera sled tow at 1 600 m. Several rare species of fish were seen only in the sled photographs, including the notacanthid Notacanthus chemnitzii, synodontid Bathysaurus mollis, and the liparidids Paraliparis rosaceus and Careproctus melanurus.
Beam trawl and camera sled section sample comparisons @gures 3a and b) indicate that dominant fish families appeared to differ in their relative abundances. The trawls collected relatively fewer of the smaller and more demersal zoarcids, photographed in large numbers by the sleds, and more of the larger and more mobile macrourids. i'vIore categories of unidentified fish taxa occurred in the camera sled photographs. In addition, the beam trawls collected fewer species (11) than were observed in the camera sleds (15) with the total number of species being 15, depending upon future decisions on the identifications of the Paraliparis, Lycenchelys, and Bothrocara represented in the samples.
When all the data were combined from each technique and compared the species composition between beam trawls and camera sleds, the Percent Similarity Index (PSI) was 50.5 %, and both of the non-parametric rank correlation coefficients (tau = 0.568 and r, = 0.439) indicated that this similarity was statistically significant at the 0.05 probability level. However, the pair-by-pair comparison produced a much lower, and presumably insignificant, similarity value (PSI = 32.0 %). This may indicate that the individual pair-by-pair trawl and camera sled sections were of insufficient length to comparably collect all species common to the assemblage.
The comparative statistics of fish density and species numbers also indicate that the camera sled provided estimates that were much higher than the trawl samples Observations from the camera sled photographs indicated that deep-sea benthic habitats were highly diverse and patchy. Surface features ranged from smooth and virtually featureless to mounded and pitted or rocky.
Invertebrates were common and fishes were found associated with all typles of habitat figure 5). Some of the best photographs of fishes also show the range of habitat types. Coryphaenoides jilifer ranged from blackish brown to white with black blotches and was seen in a variety of habitats cfigz~es 5a, b, d). Sea pen beds were common, patchy and could be very dense and included the single sighting of B. nzollis cfigure 5d). Zoarcids were seen in a variety of habitats as well and are shown in an area that would be difficult to categorize because sea pens were present but were not dense. C. leptolepis was clearly identified in a mounded and pitted habitat figure 5e), similar to the habitat shown in figure 5a. Pavaliparis rosaceus was photographed in one of the more featureless habitats with a somewhat flocky appearance cfiguve 5f). Note that only the eye and mouth of Antimora nzicrolepis was visible in the upper portion of the photograph. This exemplifies the limited nature of deep-sea photographs and the identificatilon of incomplete, dark or cryptic fish images.
Videos and photographs from camera sleds and D/S Alvin dives at the Monterey site demonstrated the additional existence of steep, 'canyon-wall habitats. However, most of the fishes occurred in similar abundances on the sedimentary sea floor and at the edge of the submarine canyon walls. Several of the Alvin dives involved baited cages, so habitat associations could not be inferred from these.
DISCUSSION
It is pertinent from the data gathered to compare the advantages and disadvantages of using nets versus photography and perslonal observations in the deep sea. Among the advantages of using nets such as a beam trawl is that voucher specimens can be obtained, which prove essential for identification of small, difficult or unknown taxa by taxonomists. Trawls also provide specimens which can be used for additional ecological and physiological studies. While not perfect, trawl samples can be used to estimate relative fauna1 densities, and along with this is accurate biomass and size information. 
58% FISH FAUNAL AND HABITAT ANALYSES
OFF CENTRAL CALIFORNIA -Among the disadvantages of using beam trawls is the inevitable avoidance and escape response of the target organisms, especially the mobile fishes, which cause underestimates of abundance and biomass of the fauna [52] . Also, it is not known whether the trawl was always on the bottom. This type of gear is limited by high relief bottom topography and thus makes area estimates even more difficult. Trawls provide little information on dispersion, behavior, actual species associations, or habitat utilization.
Among the advantages of using camera sled photographic samples is that a relatively continuous record, providing habitat information, is possible. One can often work in high relief areas and observe the larger, more agile, and perhaps rarer fauna. Given that accurate calibration is possible to produce surface area estimates [I, 64, 72, 741, camera sled. photographs can allow a good estimate of area, from which one can calculate fauna1 densities accurately and provide useful indices of dispersion patterns.
The highly diverse habitats at the study sites were characterized largely by the presence or absence of invertebrates and their actions [3#6, 24.1. Most of the bottom structure visible, other than rock or debris, could be attributed to excavations of invertebrate infauna (mounds, pits, sediment extrusions, etc.;figures 5a, e, f) [23, 24, 34, 351 . In many cases, the habitat structure was the invertebrates themselves, creating relief above the bottom @!gures 5b-d). Sea pen and sea star beds were most notably patchy and none of the larger, identifiable fishes seemed to be associated with any specific habitat or structure. Habitat classification was often difficult and types overlapped @gur*e 5~). It was also impossible to know if the camera sled was in close proximity to a patch of different habitat (rocks, sea pen bed, etc.). In addition, it was impossible to know if some fishes were attracted or repelled by disturbance or lights produced by the camera sled.
Based on our observations, macrourids and zoarcids appear to be ubiquitous in their distribution and not specifically associated with any of the various habitat types seen at the three study sites. Other species or families were not abundant enough to produce any conclusions about habitat associations. A study specifically designed to test the validity and strength of fauna1 habitat association or affinity is needed for these remote, deep-sea benthic environments.
Among the disadvantages of deep-sea photography is that no specimens are <available for accurate identification, taxonomic work, o:r voucher collections. Also, without sophisticated measuring devices, size and biomass estimates are impossible. Other limitations include possible photonegative responses [42] and the inability to observe smaller, infaunal organisms, which can often be dredged or scared out of their habitats by nets. Perhaps the most crucial limitation is that the data analysis after-the-fact is very time consuming, and therefore costly. However, the precision may be worth the expense.
Although there might be lack of independence problems associated with subsSampling sled samples, the cost-effectiveness and site-specific attributes make it a very attractive option. Also, ir is apparent that approximately ten 50-minute trawls or camera sled samples are sufficient to characterize the fauna of a given location, similar to results presented by Merrett and Domanski [50] . The deep-sea demersal fish fauna described here appears to be similar in species composition to the fauna of the eastern Pacific [28, 38, 58 , 731 and other deep-water ocean sites [5,29, 5 1, 521 around the world. Observations (visual, photographic and video) from submersibles and camera sleds appear to include most of the dominant species of fishes, but have the distinct disadvantage of missing or not being able to identify the smaller fishes. Avoidance of the beam trawl can also be a problem. However, trawls collect specimens, allowing for correct identification, even of thle smaller fishes. Thus, a combination of all three is probably the most accurate approach to characterizing the fish fauna of a deep-sea area [51] . Certainly, the use of the observational techniques is essential to characterize habitat structures and fauna1 associations with these habitats. Because much of the habitat is created by the infaunal and epifaunal invertebrate organisms, visual techniques are even more important. and James Nybakken (MLML) were effective at getting the samples taken. 
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